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ɚƟ`rg2JMP!Pro!11! (Statistical)Discovery))å4R! (version!3.2.5,! The!R! Foundation! for!12!
Statistical! Computing)!G©ǫ%ʂȪĕƀ1ɚƟ02WilcoxonƩĤGǫQeY13!
fa02Fisher1ƴȎȎǤƩĤGǫ%ǪĢǤ1ɚƟ2KaplanEMeierǀ,ɏ14!
ǪĢƒȭG§Ŝ%!15!
!16!
!17!
!
!
12!
."ȤȾčʶ!1!
ŅſĦ,Íǫêȿ,(%ȹÁȻȜǻȤȾƤHuCCET1! (ǧØģȌȖŝ)!-ȻȜǻȤ2!
ȾƤTFKE112ȓʵ1ogȻȜǻȤȾƤGǫ+in# vitro1ȤȾĥʷGɏ(%Ɉ03!
ȻȜǻǷªı/-ŞɐƩ¥,ŊADCƭƛİ-AȻȜǻȤȾƤ4!
1ưȗ2Ĩƍ,/ǧØģȌȖŝ1^mT0+>ų«êȿ/ȻȜǻȤȾ5!
Ƥ2HuCCET11;,Bǟ0ȹÁȻȜǻ1in# vitro1ȌȖ,2HuCCET1@©ǫ6!
D+CƛȌȖ,>HuCCET1-ïȻȜǻ,BŅſĦ,ưȗ%TFKE1Gǫ7!
%DA1ȤȾƤ2RPMIE1640!(SIGMA!Life!Science)!čĉ0+37!5!ʺʑØǙ8!
Ȣ1ǨĒ,čʶ%čĉ0210! %! FBS! (fetal! bovine! serum;!M[ȽɎǎThermo!9!
Scientific)!1!%!wj[E]gtgyL[!(Thermo!Scientific)!GǍÔ%!10!
!11!
."BAP1ǼǥţÎȤȾƤ1§Ŝ!12!
(1)! siRNA0@CBAP11ǼǥţÎ!13!
6Ewell! plate0ȹÁȻȜǻȤȾƤG1.0!! 105!ȤȾ/well-/C@02" ml/well!)14!
RPMIčĉ0śǗ+Ÿȓ24Ǝʜčʶ%BAP10ī CsiRNA! (ONETARGETplus*15!
Human&BAP1&siRNA,!Dharmacon)*å4Xg1siRNA!(ONETARGETplus*NonEtargeting(16!
Pool,!Dharmacon)!G#D$D30! pmol/well!)Ǔ·125!µl/well1OptiEMEM# (Thermo!17!
!
!
13!
Fisher!Scientific)!0ǔɚ%Ȫ+Lipofectamine!RNAi!MAX!Reagent!(Life!Technologies)!1!
G9! µl/wellǓ·125! µl/well1OptiEMEM6ǔɚ%siRNAGǔɚ%OptiEMEM-2!
Lipofectamine! RNAi!MAX! ReagentGǔɚ%OptiEMEMGǌîĦǐ,5Çʜʪȳŉ6E3!
well$plate1íwell0ǌîǊG250$µl/well!)ÔC-,siRNAGȹÁȻȜǻȤȾƤ04!
g]rNT[%31)!siRNAGŤD%čĉ224Ǝʜŉ0ʀĺ1čĉ5!
ŴGɏsiRNAŤŉ72Ǝʜčʶ%ȤȾGʞ1Western! Blottingå4ȤȾĥʷ06!
©ǫ%!7!
!8!
(2)! Zinc!Finger!Nuclease!(ZFN)!Gǫ%BAP10ī Cʋ¡Ġĕǳ1į¾!9!
ZFN2\TrKRh|L-DNAÈƃh|LAŜCĶÎʟʐȢ,10!
C\TrKRh|L2Ř1DNAʏÉGɤɬ C@0Žĕêȿ,B11!
DGŽĕ C-,ʋ¡ĠÁ1ǟǳǽ/DNAʏÉGƭǽ- C-,C%=12!
#1ƭǽʎ£1Èƃ-ÁăŔ1DNA¯ŌƱƪGǫ%ʋ¡Ġ1Ȯʦêȿ-/C30)!13!
ƛȌȖ,©ǫ%ZFN2BAP1ʋ¡Ġ1β9OT`Á1ʏÉGaWdg-+14!
Bïʎ£Gǟǳǽ0Èƃ C-,ÁăŔ1DNA¯ŌƱƪ0@Bb{/đĎ15!
ʏÉGů¾r{[rg0@Cʋ¡ĠĕǳGɴ @0ɞɛD+C16!
:%ZFN1ȤȾÁ61į¾ƅǀ-+t]zhGǫC>1-mRNAGǫC17!
!
!
14!
>112ʀBCƛȌȖ,2t]zhGǫ+ɝ1@0ZFNGį¾%!1!
ȹÁȻȜǻȤȾƤGPBS,2Ăǃǆŉgt[/EDTA!(Thermo!Fisher!Scientific)!,2!
ʄʧ"2.0! ! 106! !ȤȾ-/C@0ɨƁʈŏ+ǎGʡã%3!
Nucleofector!kit!(LONZA)!1Solution!L!100!µl0śǗogBAP10ī CZFNt]zh!4!
(CKOZFND3859,!Sigma!Aldrich)!2.5!µlGÔ+źŨ%Nucleofector!device!(LONZA)!1S5!
~vdg0ȤȾśǗǊG¾DNucleofector!device1tU{TE0200+OTg6!
x[Gɏ(%Ăç%ȤȾśǗǊ26Ewell! plate0Ÿȓ+čʶZs7!
TjU0@Bʋ¡Ġĕǳ1į¾D%ȤȾGĂç%ZFN0@CÁăŔ8!
DNA¯ŌƱƪGǫ%ʋ¡Ġ1Ȯʦ2Ƅ%0ů¾DCđĎʏÉb{,C9!
%=aWdg-/CDNAʏÉ.1@/ʋ¡ĠĕǳGƝ%[TO]10!
0@CȎɤŐɔ,C[TO]2! ‘5'EtggttacgtgaagcccagatcdE3'’1tLy11!
Gǫ+ɏʋ¡Ġĕǳů¾D%-GȎɤŉʞ1Western! Blottingå412!
ȤȾĥʷ0©ǫ%!13!
 14!
	."Western!Blotting!15!
10Ecm! dish 0XrO]-/C:,čʶ%ȤȾƤAanTɱ1ŧÆG16!
ɏ(%čʶȤȾG 1!ml1 RIPA!buffer!(Thermo!Scientific)!,śǗ4!, 10Çʜʪ17!
!
!
15!
ȳ+ǔɚ%ȤȾǔɚǊG 4!14,500! rpm, 30ÇʜʈŏŊAD%ǎ1!
ŜÇGĂç%anTɱ1ǘĿ2Pierce!Protein!Assay!Reagent!(Thermo!Scientific)!2!
-Ăç%ǎGǌî37!, 30ÇʜÔǛŉ0 NanoDrop2000! (Thermo! Scientific)!3!
Gǫ+ô¼ĿǑĤGɏ-,ǑĤ%ǑĤ%anTɱǘĿG>-0í4!
Ztʜ1anTɱǘĿGîF"C@0 4!! Laemmli!Sample' Buffer! (BIOERAD)!5!
- Reducing!Agent!(10x)!(Thermo!Fisher!Scientific)!GĂç%ǎ-ǌî+¿¥ʕ,6!
300!µl-95!, 5ÇʜÔǛ%!7!
ʩƻǂ×210!!Tris/Glycine/SDS!(sodium!dodecyl!sulfate;!hf[ȍʑigM{)!8!
buffer! (Wako)!GmdrI-+ǂ×ƬÁGǒ%zjteKJ TGX W!9!
(BIOERAD)!1íwell0Zt-vcyQG 10!µl!)ǁ¾200!V1ʩć,10!
ǂ×%#1ŉpolyvinylidene! fluoride! (PVDF)!Ƀ! (Millipore)!0anTɱGW@11!
BɷÃ%PVDFɃ2 Blocking!Buffer! (Thermo!Scientific)!0ǈ+Ħǐ, 60ÇʜŮȁ12!
%Ʋť¥2ťog BAP1 ť¥! (Ðɽ)!-Xg1ťog GAPDH!13!
(glyceraldehydeE3Ephosphate!dehydrogenase)!ť¥!(Cell!Signaling!Technology)!ťog	 J14!
Tcť¥! (Cell! Signaling! Technology)!Gǫ+ 4,ƏŮȁ+ťâť¥æŒGɏ15!
(%Ʋť¥2yM]ť BAP1ť¥-yM]ťog	 JTcť¥0ī C antiE16!
mouse! IgGEHRPť¥! (Cell! Signaling! Technology)!-pdgťog GAPDHť¥0ī 17!
!
!
16!
C antiErabbit! IgGEHRPť¥! (Cell!Signaling!Technology)!Gǫ+Ħǐ, 1ƎʜŮȁ+1!
ťâť¥æŒGɏ(%ť¥1ĸʒ°Ǥ2ť BAP1 ť¥1; 1:500 ,ĸʒ#2!
DĖ1ť¥2 1:1,000 0ĸʒ+©ǫ%Ǽ¼æŒ02 Western! ECL! Substrate!3!
Peroxide! Luminol/Enhancer! Reagent! (BIOERAD)!GǫŹº02 Image! Quant! LAS! 4000!4!
mini! (GE$ Healthcare$ Life$ Sciences)$Gǫ%mh1ɚƟ02 Image! J Gǫ%5!
densitometryGɏ 32)!ĤʕGɏ(%!6!
!7!

."ȤȾƱȿĥʷ!8!
siRNA>2 ZFN0@B BAP11ǼǥGţÎ%ȤȾ! (BAP1ǼǥţÎȤ9!
Ⱦ)"Gǫ+ɝ1ȤȾĥʷGɏ(%íĥʷ2 3 Ă!)ɏʂȪĕƀ1fa10!
0ī+WilcoxonƩĤGɏ(%!11!
(1)! MTS$assay!12!
BAP1ǼǥţÎȤȾ-Xg1ȹÁȻȜǻȤȾG 5.0!!103!ȤȾ/100!µl/well13!
-/C@0ɨƁ 96Ewell! plate6#D$DŸȓ%72Ǝʜ1čʶŉ0 RPMIč14!
ĉ, 5°ĸʒ%MTSǔǊ! (Promega)!G 50# µl/well!)Ô+ 37, 1ƎʜæŒ15!
"yLTtgbMultiskan!FC!(Thermo!Scientific)!0+ 492!nm1ô¼ĿG16!
ǑĤ%Xg1ô¼ĿG 1-+ȤȾǪĢǤ! (relative! cell! viability)!Gɛț17!
!
!
17!
 C-,ȤȾ1ēƹȿGƩɜ%!1!
!2!
(2)! Scratch'assay!3!
6Ewell! plate0 BAP1ǼǥţÎȤȾ-Xg1ȹÁȻȜǻȤȾG#D$D 5.0!4!
! 105!ȤȾ/well,Ÿȓ100! %XrO]-/C:,čʶ%čĉGʡã5!
PBS,ÜÇ0ǃǆ+A FBS!Gó:/! (FBS(E))" RPMIčĉ 2!ml/well0Ŵ6!
%well 1ŏʎGqwdgcdt1»Ș,ȃȭ0]Tdc]Tdcȃ7!
ŉ- 24 Ǝʜčʶŉ1ǠŚGʴōʘ,ɘĪå4ŹŇ%well Ěʎ1]Td8!
cʜʤ1ɶʧGɛǑ]Tdcȃŉ1ɶʧG 1-+]Tdcʜʤ1ĕØǤ!9!
(relative!migration!rate)!GɛțȤȾ1ʄɳȿGƩɜ%!10!
!11!
(3)! Invasion(assay!12!
24Ewell! plate0 FBS(+)1 RPMIčĉG 500# µl/wellÔ#10 Matrigel! Invasion!13!
Chamber! (BD# biosciences)!Gʏȳ%chamberÁ6 BAP1ǼǥţÎȤȾ-Xg14!
1ȹÁȻȜǻȤȾG#D$D 1.0!!105"ȤȾ/500!µl/chamber-/C@0 FBS(E)115!
RPMI čĉ,ɨƁ+Ÿȓ22 Ǝʜčʶ%#1ŉchamber GèBÆ+ǃ16!
ǆchamber 1Á¶0ƸĢ%ȤȾGʡãŉ1! %T]amLPdg,17!
!
!
18!
chamber GƢɊ%chamber Gʀʅ%ȤȾƀGʴōʘ0ɛǑXg1!
1ȤȾƀG 1-+ȤȾ1Ȅīƀ!(relative!cell!number)!GɛțȤȾ1ǈǖȿG2!
Ʃɜ%!3!
!4!
."ɌÑřéŔɡʷ!5!
96Ewell$plate6 5.0$!103!ȤȾ/100!µl/well-/C@0 siRNAGǫ% BAP1Ǽǥţ6!
ÎȤȾ-Xg1ȹÁȻȜǻȤȾG#D$DŸȓ+ 24 Ǝʜčʶ%č7!
ĉGʡãŉGEM1ǘĿG 0A 100000!nM:,ɨƁ!(0,#4,#8,#15,#30,#60,#125,#250,#8!
500,$1000,!1500,!3000,!6000,!12500,!50000,!100000!nM)!100#µl/well!)Ť+ 72Ǝʜ9!
čʶ%ɝ1MTS$assay-ïƫ1ŞŢ,ȤȾǪĢǤ!(relative!cell!viability)!Gɛț10!
%ȤȾǪĢǤGtdg%ƒȭ0ī\]eKdTƒȭGŅ+2=50ʺÖ11!
ƠǘĿ!(EC50)!GțÆ%!12!
ZFN Gǫ%ĕǳį¾Ƥ-Xg1ȹÁȻȜǻȤȾ0ī+siRNA Gǫ13!
%ɌÑřéŔɡʷ1 EC50²Gäȶ0GEM 1ǘĿG 10! nM -+ɝ1 MTS!14!
assay-ïƫ1ŞŢ,ȤȾǪĢǤ!(relative!cell!viability)!GɛțGEM0ī CɌÑř15!
éŔGƩɜ%! !16!
!
!
19!
5. ȌȖȨƠ!1!
.!ɅĽƩ¥0CBAP11ǼǥǠŚ-ɅĽǽǟŎ1ɚƟ!2!
ȹÁȻȜǻǷª1ǶǧÈǜ0CBAP11½ǵƢɊȨƠGĆ10ȏ BAP10ī3!
 C½ǵƢɊ,2ȤȾɱå4ƥ1ƅ0ƢɊŔGɤ=ƛȌȖ,2ȤȾɱ1ƢɊǘ4!
Ŀ0@BBAP11ǼǥǠŚGËĤ%ʫɁǸʎ1ȹȦȲ2¿Ƿª0+ƢɊ5!
D+BȹȦȲGpositive!control-+ȹÁȻȜǻ1ƢɊǠŚ-ƺɹȹÁȻȜ6!
ǻȹȦȲ-ïȚ>2#D1ƢɊǘĿGȏ ĐîGBAP1ʸǼǥȴȹÁ7!
ȻȜǻ1ƢɊǘĿȹȦȲ@B>ǏŃ>2ƢɊD/ĐîGBAP1¤Ǽǥȴ8!
-+ǼǥǠŚG2ȴ0Çʵ%!(Ć1)!ȹÁȻȜǻ0+BAP12??Ċ/Ƣ9!
ɊŔGȏ Đî>ɤ=AD%ʸǼǥGȏ ȤȾ-¤ǼǥGȏ ȤȾ1ƌA/10!
ǌĈ2ɤ=AD!ƢɊǘĿ1ËĤ02ĘŇʮ/-œFD%!11!
ŅȐ,ŞɐGɏ(%ʂȪ CȹÁȻȜǻ1ɅĽƩ¥54ªGBAP11ǼǥǠŚ0@12!
BÇʵ%ȨƠGɑ10ȏ BAP1ʸǼǥȴ224ªBAP1¤Ǽǥȴ230ª,B13!
ǯĜƺ2BAP1ʸǼǥȴ,ǯŔ13ªĜŔ11ª,(%10īBAP1¤Ǽǥȴ,14!
ǯŔ23ªĜŔ7ª-/BBAP1¤Ǽǥȴ,2BAP1ʸǼǥȴ@B>ǯŔǷªė15!
ɕAD%#1ķ2ƗŘ,/(%! (p=0.09)!:%ɁǸ1ĲĈÇʵ0+BAP116!
ʸǼǥȴ,2ȹʚċ14ªƚƦċ10ªBAP1¤Ǽǥȴ,2ȹʚċ16ªƚƦ17!
!
!
20!
ċ14ª,BBAP11ǼǥǠŚ0@CɁǸĲĈ1ķ2ɤ=/(%! (p=0.79)!#1!
1-+ǶǧȦȲċȸȆǽÇʵnȝɷȑʃɏĿ/.1ɁǸǪǞģǽ2!
ăĠ0ƗŘ/ķGɤ=/(%ɁǸǪǞģǽăĠ2ǶǧȦȲƩƣ0Ď*+C3!
ËĤƌ/>1?ËĤĄʨ/>12ʡĖ+C!4!
ɁǸ1ÇØĿ0+BAP1ʸǼǥȴ,2ʸÇØċ2ªÇØċ13ª¤5!
ÇØċ4ª,C10īBAP1¤Ǽǥȴ,2ʸÇØċ1ɁǸ2ɤ=AD!6!
ÇØċ21ª¤ÇØċ7ª,(%-ABAP1¤Ǽǥȴ,2BAP1ʸǼǥ7!
ȴ@B>ÇØĿ¤¸ñGɤ=%ƗŘ,2/(%! (p=0.29)!:%ǻʋƸ8!
/R0Şɐ2BAP1ʸǼǥȴ,19ª! (79%)!BAP1¤Ǽǥȴ,17ª! (57%)!0ɏFD+9!
BBAP1¤Ǽǥȴ,2R0Şɐ-/CÒî¤+%ɐŉ1ØģǺǀ210!
BAP1ʸǼǥȴ183%-BAP1¤Ǽǥȴ173%0ɏFDGEMÞÑ>2GEMGó11!
<ØģǺǀɏFD%Ƿª2BAP1ʸǼǥȴ,15ª! (62%)!BAP1¤Ǽǥȴ,15ª!12!
(50%)!0ɕAD%GEMĖ1ØģǺǀ-+5EFU-CDDP1¨ǫǺǀSE1UFT/13!
.ƆɏD+%!D>ıƀª,(%!14!
1ɚƟȨƠ@BȹÁȻȜǻ1ɅĽƩ¥54ªGBAP1ʸǼǥȴ-BAP1¤Ǽǥ15!
ȴ,Çʵ C-ƗŘķGɤ=/>11BAP1¤Ǽǥȴ0+ȸȆǽÇʵ16!
0@CȻȜǈǖċ1ÒîʸÇØĿ1¤ȦȲċėStage1ʃɏ%Ƿ17!
!
!
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ªėɕADBAP1ʸǼǥȴ-ƺ7ŕŔĿʸêȿŔȏüD%Ɠ01!
BAP1¤Ǽǥȴ,2R0ŞɐǤ¤ɐŉ1ØģǺǀɏFDCÒî>¤-2!
AǪùŉ2BAP1ʸǼǥȴ0ƺ7ɉ,C-ŲǑD%!3!
!4!
.!BAP11ǼǥǠŚ-Kaplan8Meierǀ0@CǪĢǤ1ɚƟ!5!
BAP11ɚƟGɏ(%ȹÁȻȜǻ54ª1ǪĢƘʜGʦɛBAP1ʸǼǥȴ-BAP16!
¤Ǽǥȴ0C¿ǪĢƘʜ! (overall! survival;!OS)!1ǪĢƒȭGKaplanEMeierǀ0@B7!
§Ŝ%! (Ć2(a))!ɐŉƊƘ2BAP1ʸǼǥȴ0+ǪĢǤʸ¸ñGɤ=C8!
ɐŉȡ2Ļ,BAP1¤Ǽǥȴ-ɾɷƕȥǽ/ǪĢǤ2BAP1ʸǼǥȴBAP1¤Ǽǥ9!
ȴ@B>¤%!(p=0.92)!!10!
BAP11ǼǥǠŚ-ɁǸǪǞģǽăĠ-1ƩɜȨƠ@BƗŘķ2ɤ=AD/11!
>11BAP1¤Ǽǥȴ,2ʃɏǷª?¤ÇØċėR0ŞɐǤ¤-A12!
ŉɉ,C-ŗD%ĥʥ1Ǫùŉ2ŗ0æ CȨƠ,(%13!
A/C¸ñGƩȣ C%=ťǻÑŤǷª0@CZsUtɚƟGɏ(%14!
ɐŉ1ØģǺǀ-+GEMG0ŤD%BAP1ʸǼǥȴ15ª-BAP1¤Ǽǥȴ1515!
ª1ǪĢƒȭGĆ2(b)0ȏ ƗŘķ2ɤ=AD/(%ɐŉƊƘGʡ+16!
BAP1¤Ǽǥȴ2BAP1ʸǼǥȴ@B>ʸǪĢǤGȏ%! (p=0.32)!Ć2(c)02ɐŉ17!
!
!
22!
0GEMŤD/(%Ƿª1ǪĢƒȭGȏ GEMŤD/(%Ƿª,1!
2ƕȥǽ/ǪĢǤ0ķGɤ=/(%GEM1ŤD%Ƿª-ǳ/BBAP12!
ʸǼǥȴ1ǪĢǤɐŉƊƘAʸ¸ñGɤ=%!(p=0.50)!!3!
1ɚƟȨƠ@BBAP11ǼǥǠŚ0@CǪĢǤ0ƗŘķ2ɤ=AD/(4!
%BAP1¤Ǽǥȴ,2BAP1ʸǼǥȴ0ƺ7ȹÁȻȜǻ0ī+0ǫAD5!
CťǻÑ1GEM0@CƽǺÖƠɉĝ/êȿŔȏüD%!6!
!7!
.!ȹÁȻȜǻȤȾƤ0CBAP11ǼǥţÎ!8!
ȹÁȻȜǻ0CBAP11ƱȿɚƟGin#vitro,ɏ%=ogȻȜǻȤȾƤGǫ9!
+BAP11ǼǥţÎGɏ(%ĥʷ0©ǫ%ȤȾƤ2ŅſĦ,¾Şêȿ,(10!
%2ȓʵ1ogȻȜǻȤȾƤ! (HuCCET1TFKE1)!,BHuCCET12ȹÁȻȜǻǭƝ11!
TFKE12ȻȜǻǭƝ,C!12!
:!12ȓʵ1ȻȜǻȤȾƤ0CBAP11ǼǥǠŚGȎɤ C%=Western!13!
BlottingGɏ(%HuCCET102BAP11ǼǥGɤ=%TFKE102ɤ=/(%! (Ć14!
3(a))!1ȨƠATFKE12>->-BAP1GǼǥ+/ȤȾƤ,C-Ëƃ15!
BAP1ǼǥGɤ=%ȹÁȻȜǻȤȾƤ,CHuCCET1Gʞ1ȤȾĥʷ0ǫ%!16!
!
!
23!
BAP11ǼǥţÎ02siRNA-ZFN12)1ƅǀGǫ%siRNA2DNAAɷÃD1!
%BAP11mRNAGţÎ C-,BAP1ǼǥGţÎ Cƅǀ,CƅZFN0@2!
CţÎƅǀ2ĶÎʟʐȢ,CZFNGȤȾ0į¾BAP11DNA0ǟǳǽ/z3!
]^]ĕǳ?k^]ĕǳr{[rg/.Gį¾ C-,loss! of!4!
function0@BBAP1ǼǥGţÎ Cƅǀ,C!5!
BAP10ī CsiRNAå4Xg1siRNAGHuCCET16g]rNT[6!
0@Bį¾Western! Blotting,BAP11ǼǥǠŚGȎɤ%! (Ć3(b))!1U7!
r2Western! Blotting0ī+f[g|gGɏGAPDH,ɒƴŉXg8!
G1-%Đî1Ȅīǽ/ǼǥʕGȏ+CXg-ƺɹ+BAP19!
0ī CsiRNAį¾Ƥ,2BAP11Ǽǥ¤Gɤ=%!10!
ZFN0@CBAP11ǼǥţÎ2:!HuCCET11BAP1ʋ¡Ġ0r{[rgĕǳ11!
Gį¾ C-EAɏ[TO],ue/r{[rgĕǳ1į¾G12!
Ȏɤ%Ć4(a)0BAP1anTɱ1ƮłĆGĆ4(b)0ĕǳį¾ŉ1[TO13!
]ȨƠGȏ OT`90ĢĈ CZNF1aWdgʏÉ,C"caggtt"0ue14!
/ĕǳį¾D"caggtaggtt"-/(+C-[TO]0@BȎɤD15!
%ů¾D%đĎī24đĎī,Br{[rgĕǳGɴ ʏÉ,C!16!
(Ć4(b))!ZFN0@BĕǳGį¾%OT`92pScÇɚʐȢʎ£1 17!
!
!
24!
ǅ0£ȳťBAP1ť¥1ɤɬ Cʎ£1ǅ0£ȳ+C-A! (Ć4(a))!1!
ZFN0@Bĕǳį¾D%īȗʋ¡Ġ,2ƛȌȖ0ǫ%ťBAP1ť¥0@BBAP12!
anTɱ1Ǽǥ¤GƩÆ C-êȿ,CZFN0@CBAP11ǼǥţÎ23!
Western!Blotting0@BȎɤD%! (Ć3(c))!1Ur2Western!Blotting0ī+f4!
[g|gGɏβJTc,ɒƴŉXgG1-%Đî1Ȅī5!
ǽ/ǼǥʕGȏ+CXg-ƺɹ+BAP10ī CZFNGǫ%ĕǳ6!
į¾Ƥ,2BAP11Ǽǥ¤ɤ=AD%!7!
!8!
.!BAP1ǼǥţÎȤȾGǫ%ȤȾƱȿĥʷ!9!
siRNAå4 ZFN0@B BAP1ǼǥţÎD%ȹÁȻȜǻȤȾƤ1 HuCCET1Gǫ10!
+ēƹȿʄɳȿǈǖȿGɚƟ CȤȾĥʷGɏ(%!11!
BAP1ǼǥGţÎ%-0@CȤȾēƹȿ61Ňʮ2MTS!assay0@Bɠ¬12!
#1ȨƠGĆ 50ȏ Ć 5(a)2 BAP10ī C siRNAGǫ% siRNAį¾Ƥ-X13!
g0CēƹȿGMTS!assay0+ǑĤ%siRNAį¾Ƥ-Xg114!
ʜ02ƌA/ķGɤ=/(%! (p=0.38)!Ć 5(b)2 ZFNGǫ%ĕǳį¾Ƥ-X15!
g,1ȨƠGïƫ0ȏ+BsiRNA 1ȨƠ-ïĕǳį¾Ƥ-X16!
g-1ʜ0ƌA/ķGɤ=/(%! (p=0.67)!MTS! assay 1ȨƠA17!
!
!
25!
BAP11ǼǥţÎ2ēƹȿ0Ę/ĕØGå9/-ȶAD%!1!
BAP1 1ǼǥţÎ0@Cʄɳȿ61Ňʮ2 Scratch! assay 0+ɠ¬%Ć 6(a)22!
siRNAGǫ% siRNAį¾Ƥ1ȨƠG(b)2 ZFNGǫ%ĕǳį¾Ƥ1ȨƠGȏ 3!
!D1Ɯ0+>]Tdcȃŉ@B 24 Ǝʜčʶŉ0]Tdcʜʤ14!
ǡİØGɤ=%siRNA į¾Ƥ,2Xg0ƺ7]TdcʜʤǡİØ5!
+B! (p=0.01)!ʄɳȿ1ʃGɤ=%ZFN 0@Cĕǳį¾Ƥ0+>Xg6!
0ƺ7]TdcʜʤǡİØ+B!(p<0.01)!ʄɳȿ1ʃGɤ=%!7!
BAP1 1ǼǥţÎ0@Cǈǖȿ61Ňʮ2Matrigel! Invasion! Chamber Gǫ+ɠ8!
¬Gɏ#1ȨƠGĆ 7 0ȏ siRNA Gǫ% siRNA į¾Ƥ0+Xg9!
0ƺ7ǈǖ%ȤȾ2ƗŘ0ēÔ+B! (p=0.01)!ǈǖȿ1ʃGɤ=%!10!
(Ć 7(a))!ZFN Gǫ%ĕǳį¾Ƥ0+>Xg0ƺ7ǈǖ%ȤȾƀ11!
2ƗŘ0ēÔ+B!(p<0.01)!ǈǖȿ1ʃGɤ=%!12!
DA1 BAP1 ǼǥţÎȤȾGǫ%ĥʷȨƠAȹÁȻȜǻȤȾƤ HuCCET113!
0+ BAP1 1Ǽǥ¤2ēƹȿ0Ňʮ/ʄɳȿå4ǈǖȿGʃ"C14!
-ȏD%!15!
!16!
!17!
!
!
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	.!BAP1ǼǥţÎ0@CťǻÑřéŔ61Ňʮ1ɚƟ!1!
ȹÁȻȜǻ1ɅĽǷª0CɚƟȨƠ@BBAP11Ǽǥ¤ GEM1ɌÑř2!
éŔƋ0Ňʮ CêȿŔȏüD%-ABAP1 ǼǥţÎȤȾGǫ+3!
GEM0ī CɌÑřéŔɡʷGɏ(%!(Ć 8)!!4!
siRNA Gǫ% siRNA į¾Ƥ2Xg0ƺ7ťǻÑřéŔƋ+B!5!
(p=0.03)!EC502 siRNAį¾Ƥ, 38.3!nMXg, 243!nM,(%!(Ć 8(a))!!6!
!ZFN0@Cĕǳį¾Ƥ0+> GEM! 10! nM1ǘĿ,Xg0ƺ7ȤȾ7!
ǪĢǤ1ƗŘ/¤!(p<0.01)!Gɤ=%!(Ć 8(b))!!8!
1ȨƠAȹÁȻȜǻȤȾƤ HuCCET10+ BAP11Ǽǥ¤ GEM19!
ťɁǸÖƠGƋ"C-ȏD%! !10!
!
!
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6. ȶĪ!1!
ƛȌȖ,2Hʝʂʋ¡Ġ-+ɼĻǁȂD+C BAP1ȹÁȻȜǻ0å92!
 ŇʮGɅĽƩ¥Gǫ%ɚƟå4ȤȾĥʷ0@BƩɜ%ɅĽƩ¥1ɚƟȨ3!
ƠABAP1¤Ǽǥȴ,2 BAP1ʸǼǥȴ-ƺɹ+ŕŔĿ1ʸǷªƺɹǽė4!
ɕADCƅ,ťǻÑ,C GEM GŤD%Ƿª1ŉ??ɉĝ,C5!
-A GEM 0ī CɌÑřéŔƋ+CêȿŔȏüD%:%Ȥ6!
Ⱦĥʷ1ȨƠABAP1 ǼǥţÎ2ȤȾ1ʄɳȿ-ǈǖȿGʃ"GEM 0ī7!
 CɌÑřéŔGƋ"C-ȏD%DA1ȨƠABAP1 2ȹÁȻ8!
Ȝǻ1ŕŔĿå4ťǻÑřéŔ0Ňʮ+CêȿŔȶAD%!9!
BAP1ĕǳGʸʲĿ0ɤ=CŕŔɁǸ0+ BAP11Ǽǥ¤.1@/Řȵ10!
GƗ+C2ƙ&ƌA0D+/Ɉ0ȹÁȻȜǻĖ1ŕŔɁǸ11!
0C BAP1 1Ǽǥ¤2ŕŔĿ1Ƌ-ʝʂ C-D+CŕŔǿɁ12!
/.ʎ1ŕŔɁǸ,2ɾ0 BAP1 Ǽǥ¤%Ƿª1ƅŉɉĝ,C-13!
ďõ>C 28)!ȹÁȻȜǻ0C BAP11ǼǥǠŚ-ɅĽŉ-1ʝʂŔ014!
)+2ƕɼ 2 )1ɅĽȌȖBBAP1 1Ǽǥ¤GƝ+CǷª1ƅ15!
ŉɉĝ/¸ñ0C-ďõD+C 26,!27)!!16!
ƛȌȖ0+>ƗŘķ2ɤ=AD/>11 5ĻǪĢǤ2 BAP1¤Ǽǥȴ1ƅ17!
!
!
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 BAP1 ʸǼǥȴ@B??ɉĝ,Bʅã1ȹÁȻȜǻ1ďõ-Ȉȅ/ȹ1!
ÁȻȜǻ0C BAP11ǼǥǠŚ0ʝʂ%»ɏ C 2)1ɩƂ,2BAP11Ǽ2!
ǥɅĽŉ0.1@/ŇʮGå9 0)+ɣɚƟD+/ƛ3!
ȌȖ,2 GEM 0ī CɌÑřéŔ0ǁȂɅĽǷª1ZsUtɚƟGɏ(4!
%ƗŘķ2ɤ=AD/(%BAP1 ¤Ǽǥȴ2 BAP1 ʸǼǥȴ0ƺ7 GEM Ť5!
Ƿª,ŉɉĝ/¸ñ0Bƅ1 GEMʫŤǷª,2æī0 BAP1ʸǼǥȴ6!
1ǪĢǤɐŉƊƘ0ʸ¸ñGɤ=+C1-ABAP1 ¤Ǽǥȴ27!
BAP1ʸǼǥȴ0ƺ7 GEMřéŔʸêȿŔȏüD%!8!
ȹÁȻȜǻȤȾƤGǫ% in# vitro1ĥʷ0+BAP11ǼǥţÎ2ȤȾ1ē9!
ƹȿ0Ňʮ/ʄɳȿ-ǈǖȿGʃ"GEM 0ī CɌÑřéŔG10!
Ƌ"C-ȏD%ƩȣŊ%ƂǢ1ȞąÁ,ƛȌȖ2ȹÁȻȜǻ011!
C BAP1 1ǼǥţÎȤȾēƹ0ĘŇʮ/-ʄɳȿå4ǈǖȿ0ʝF12!
C-Gȏ%Ê=+1ďõ,C!13!
BAP1 ĕǳȆÁʹɊɁ?ǿɁ0+ʸʲĿ0ɤ=ADC-ďõD+14!
Ɲė1ɅĽƩ¥Gǫ%ȌȖǼɑD+Cƅ, 28)E30)!ȤȾƤGǫ15!
% in# vitro,1ĥʷďõƀ2ı/ 36)E38)!#1ǧǭ-+BAP1ǼǥţÎȤȾ116!
ēƹȿ0Ňʮ"!ƌA/ȤȾƱȿ1ʇ-+ɤɬD/(%%=ďõD17!
!
!
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/(%êȿŔŲǑDC-AŽ=+ BAP1 ǼǥţÎēƹȿ0ńʝ­1!
/-Gȏ%ƛȌȖ1ŘȵC!2!
ȤȾĥʷ0+ BAP11Ǽǥ¤2ēƹȿ0Ňʮ/ǈǖȿå4ēƹȿG3!
ʃ"CȨƠȏD%-Aĥʥ1ɅĽ,2#1ŇʮɁǸ1ǈǖ?ɷȑ4!
-ņ,ǥDC-ŲǑDCɅĽǷª1ɚƟ,2 BAP1 ¤Ǽǥȴ0+ƗŘ5!
,/ȸȆǽÇʵ1ȻȜǈǖċėʃɏĿ1ʃH,CǷªė¸ñGɤ=6!
+BBAP1 1Ǽǥ¤ɅĽǷª0CɁǸ1ʃɏĿ0ʝʂ+CêȿŔ7!
ȏüDC:%BAP1ĕǳGʸʲĿ0ɤ=C1ŕŔɁǸ0+ BAP1¤Ǽ8!
ǥǷªŉɉ,Cǧǭ-+BAP1 1Ǽǥ¤ɁǸ1ǈǖȿå4ɷȑȿ9!
-ʝʂ+CêȿŔȶADCBAP1 1Ǽǥ¤-ǈǖȿå4ɷȑȿ1ʝʂ10!
ŔGȏ%ȌȖ2D:,ɏFD+/-Aǟ0ȤȾĥʷ,1ʄɳȿå411!
ǈǖȿ1ʃ2ǿʜɱɷŴ! (EMT;!EpithelialEMesenchymal!Transition)!®ʃD+12!
C-ǴFDC%=×ŉ1ɚƌ 7ɧʳ,C:%ƛȌȖ2 BAP1 1Ǽǥ13!
ţÎGɏ-,ȤȾƱȿGɠ¬%TFKE11@/ BAP11Ǽǥ>->-ţ14!
ÎD+CȤȾƤ0ī+ BAP1 GńÎǼǥ"C-,#1ȤȾƱȿ1ĕØG15!
ʬǽ0ɠ¬ C->ĮƝǽ0Őɔ,C!16!
ƛȌȖ1ȤȾĥʷ, BAP11ǼǥţÎʄɳȿå4ǈǖȿGʃ"C-0Ô17!
!
!
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 GEM 1řéŔGƋ"C-ȏD%1ȨƠ2ɅĽƩ¥Gǫ%Zs1!
UtɚƟ1ȨƠ-ɇ+BƗŘķ2ɤ=AD/>11ɐŉ0 GEM G2!
Ť%Ƿª0+ BAP1 ¤Ǽǥȴ2 BAP1 ʸǼǥȴ0ƺ7 5 ĻǪĢǤʸ¸3!
ñ0(%:%ƛȌȖ,2ȃűɚƟ/(%BAP1 ǼǥɕAD/Ȼ4!
ȜǻȤȾƤ TFKE11 GEM0ī CřéŔ2 LC50 100! nM-ďõD+B 39)!5!
HuCCET1-ƺ789ïȚA??ʸ²-/(+C!6!
ȹÁȻȜǻ0ī C key! drug1),C GEM2ȤȾÁ1 DNAîŜ0C[7!
g[!(C)!1FB0 DNA6èBɻ:DC-, DNAîŜG´Ƴ"ȤȾ1Jx8!
g[]Gɥį C-0@(+ťɁǸÖƠGǼŵ C 4)!BAP12 DNAîŜGţ9!
Î C§ǫGŪ)-ABAP1 1Ǽǥ¤ C-, DNA îŜ®ʃD10!
GEMʀĺ@B> DNAÁ6èBɻ:D? /BGEM1ťɁǸÖƠƋ C11!
-ȶADCƛȌȖ,ƗŘķ2ɤ=AD/(%»ɏ C 2)1ɅĽȌȖ,12!
BAP1¤Ǽǥȴ1ƅ BAP1ʸǼǥȴ0ƺ7ŉɉĝ-¸ñGɤ=+B 26,!27)!13!
GEM BAP1Ǽǥ1¤%ȹÁȻȜǻ0ī+ńťɁǸÖƠGȏ%ȨƠ14!
ŉ1ŽýGɤ=%-ƱľŲǑDC!15!
ƛȌȖ1ʟǱ2ɅĽȌȖ-+ŅƆɞ,ŞɐɏFD%ʂȪ CȹÁȻȜǻ16!
ǷªGɚƟ%14Ļʜ,ȹÁȻȜǻ1ŞɐǷª2 54ª-ı/BAP11Ǽǥ17!
!
!
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ĕØ0¢ɅĽǽǟŎ?ǪĢǤ0+ƗŘķGŊAD/(%-ŬADC1!
BAP1 ¤Ǽǥȴ1ɅĽ0C¸ñGƌA0 C%=×ŉ1Ɠ/CǷªʦȕ2!
Őɔ,C!3!
:%ƛȌȖ0+ BAP11ǼǥţÎ2ʄɳȿå4ǈǖȿ?ťǻÑřéŔ0Ň4!
ʮ C-Gȏ%1 2)1ǥɮGȨ4)CƱľ2ǥĈ1-Eƌ,5!
B×ŉ1Ɠ/CƩɜŐɔ,C#+TFKE11@0 BAP1ĕǳGʋ¡Ġ0ɤ6!
=/ BAP11anTɱGǼǥ+/Đî/.BAP1ĕǳĖ1ǼǥţÎ7!
1Ʊľ2ɚƌD+A!BAP11ǼǥţÎ0@C GEMĖ1ťǻÑ0ī Cř8!
éŔ1ĕØ?ǳŝŔȑƨ}fGǫ% in#vivo0Cĥʷ/.DAɚƌ 9!
7-2ƀėǟ0BAP1 -ïƫ0Tyc}fUɓî¥GņŜ10!
 C ARID1A ? PBRM1 /.1ʋ¡Ġ2BAP1 8.1ʸʲĿ,2/ȹÁȻȜǻ11!
0+ĕǳGɤ=C-ďõD+BBAP1 Gó=%Tyc}f12!
Uɓî¥1ȹÁȻȜǻ0CňÒ1ɚƌ2×ŉ1ȌȖīɮ,C!13!
ƛȌȖ,ȹÁȻȜǻ0C BAP12ʓɔ/Hʝʂʋ¡Ġ,Bǟ0 GEM14!
0ī CɌÑřéŔ0Ňʮ C-ȏD%×ŉȹÁȻȜǻ1Ƿªʦȕå415!
BAP11ƱȿɚƟʃ<-,ɅĽ0CȹÁȻȜǻ1 BAP11ǼǥǠŚGɨ716!
C-,ʉÈ/ťǻÑ1ʊŦGɏ/.Ǫùŉ1Žý0ĩ,C-œFDC! !17!
!
!
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7. Ȩɩ!1!
ƛȌȖ,2ɅĽƩ¥1ɚƟȨƠA BAP11Ǽǥ¤ȹÁȻȜǻ0ī Cť2!
ǻÑ1 GEM 0@CǪĢǤ1Žý-ʝʂ CêȿŔȏüD%:%ȤȾĥʷ3!
0+ BAP11ǼǥţÎ0@Bʄɳȿå4ǈǖȿʃ C-#+ GEM04!
ī CɌÑřéŔƋ C-ȏD%BAP1 2ȹÁȻȜǻ0+ʓɔ/5!
Hʝʂʋ¡Ġ,B×ŉ1ȹÁȻȜǻƽǺ0Ňʮ Cʋ¡Ġ1),C-ȶ6!
ADC! !7!
!
!
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8. ɫɺ!1!
ȔGȥC0%BƛȌȖ0+ŋūįŋʭŻGɯB:%ƞÙĘģĘ2!
ģʠÛģȠȌȖȐĖȐǶŚģɪŀǉØĀĖȐģÇʔǪ¥ɨȝĖȐģÇʔſŰ1Ǉ3!
ʔ³ƌ»ǪïǪ¥ɨȝĖȐģÇʔʠÁɪĹ1Ęƾő»ǪïǉØĀĖȐģÇʔÕ4!
ſ1ȋǬƑǣ»Ǫ0ǩĘ/CɫŘGɑ: :%½ǵȦȲģǽɠ¬0)+ŋū5!
įGʯ:%ƞÙĘģĘģʠÛģȠȌȖȐǶǧǶŚģɪŀǶǧɟƃģÇʔÄſŰ6!
1ɍĵëþ»Ǫ0ǋřɫ1ŘGɑ: Ɠ0ȌȖGɏ0%BŋżŶŋÝ7!
Ó:%ƞÙĘģĘģʠÛģȠȌȖȐĖȐǶŚģɪŀǉØĀĖȐģÇʔǪ8!
¥ɨȝĖȐģÇʔ1Ǿƫ0ářɫǮ: ! !9!
!
!
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9. ƂǢ!1!
1.#! Bridgewater#J,#Galle#PR,#Khan#SA,#et#al:#Guidelines)for)the)diagnosis)and)management)of)2!
intrahepatic"cholangiocarcinoma."J"Hepatol"2014;60:1268E89!3!
2.#! Weber% SM,% Ribero% D,% O'Reilly% EM,% et% al:% Intrahepatic!cholangiocarcinoma:$ expert$4!
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10. Ćɦ!1!
Ć!1.!!ɅĽƩ¥0CBAP11½ǵƢɊ!2!
ȹÁȻȜǻ1ɅĽƩ¥0+BAP11½ǵƢɊGɏ(%ƭƛ1ǰºGȏ (a),!3!
(b),!(c)2BAP1ʸǼǥȴ(d),!(e),!(f)2BAP1¤Ǽǥȴ1ǷªGȏ+C(a),!(d)2ƭƛ4!
1ŃũĘº,BT2ɁǸʎ1ȹÁȻȜǻGN2ʫɁǸʎ1ȹȦȲGȏ+5!
Bāə,ą:D%ʎÇ2(b),!(c),!(e),!(f)0#D$DũĘD+C(b),!(e)2ȹÁȻ6!
Ȝǻ!(T)!1ńũĘº(c),!(f)2ȹȦȲ!(N)!1ńũĘº,C]Vm2¿+100!7!
μm,C!8!
Ć1(a),! (c),! (d),! (f)0ȏ -BƛȌȖ,½ǵƢɊGɏ(%¿Ƿª0+ȹ9!
ȦȲ61ƢɊŔɤ=AD%%=ȹȦȲGpositive!control-+ȹÁȻȜǻ1ƢɊ10!
ǠŚ-ƺɹ%(b)1@0ȹÁȻȜǻȹȦȲ-ïȚ>2#D1ƢɊ11!
ǘĿGȏ ĐîGBAP1ʸǼǥȴ(e)1@0ȹÁȻȜǻ1ƢɊǘĿȹȦȲ@B12!
>ǏŃ>2ƢɊD/ĐîGBAP1¤Ǽǥȴ-+2ȴ0Çʵ%!13!
!14!
Ć!2.!!Kaplan8Meierǀ0@CǪĢƒȭ!15!
Ȱɸ0ǪĢǤ!(Survival!rate)!Ưɸ0¿ǪĢƖƀ!(Overall!survival!(months))!Gȏ 16!
Ć1Ur0ȃ CȊȭÇ2ş'ÈBǷªGȏ !17!
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(a)!ƛȌȖ,īɮ-%ȹÁȻȜǻ1¿Ƿª0+BAP1ʸǼǥȴ-BAP1¤Ǽ1!
ǥȴ0Çʵ%ǪĢƒȭGKaplanEMeierǀ0@B§Ŝ%ɐŉƊƘ2BAP1ʸǼǥ2!
ȴ0+ǪĢǤʸ¸ñGɤ=Cɐŉȡ2Ļ,BAP1¤Ǽǥȴ-ɾɷƕ3!
ȥǽ/ǪĢǤ2BAP1ʸǼǥȴBAP1¤Ǽǥȴ@B>¤%!(p=0.92)!!4!
(b)!ZsUtɚƟ-+ɐŉ1ØģǺǀ0GEMŤD%Ƿª1ǪĢƒ5!
ȭGȏ BAP1ʸǼǥȴ2BAP1¤Ǽǥȴ0ƺ7ƗŘķ2/>11ǪĢǤ¤6!
 C¸ñGɤ=%!(p=0.32)!!7!
(c)!ɐŉ0GEMŤD/(%Ƿª1ǪĢƒȭGȏ GEMŤD%Ƿ8!
ª-2ɾ0BAP1ʸǼǥȴ2ǟ0ɐŉƊƘ,BAP1¤Ǽǥȴ0ƺ7ǪĢǤʸ¸9!
ñGɤ=%ƕȥǽ/ǪĢǤ2ïȚ,(%!(p=0.50)!!10!
!11!
Ć!3.!!Western!Blotting0@CBAP11ǼǥǠŚ1Ȏɤ!12!
(a)! 2ȓʵ1ogȻȜǻȤȾƤ! (HuCCET1TFKE1)!0CBAP11ǼǥǠŚGȎɤ 13!
CȂǽ,Western! BlottingGɏ(%#D$D1ȤȾƤ0CBAP11mh-lM14!
]SqU,CGAPDH1mhGȏ%HuCCET102BAP11ǼǥGɤ=%15!
TFKE102BAP11ǼǥGɤ=/(%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(b)! HuCCET10ī+BAP10§ǫ CsiRNA1į¾GɏBAP11ǼǥǠŚG1!
Western!Blotting,Ȏɤ%Xg!(siEcontrol)!-siRNAį¾Ƥ!(siRNA)!0C2!
BAP11mhlM]SqU,CGAPDH1mhGȏƧUr0GAPDH3!
,ɒƴ%BAP11mhGɚƟ%densitometryGȏ%Xg-ƺɹ4!
+siRNAį¾Ƥ,2BAP11Ǽǥ¤ɤ=AD%!5!
(c)!ZFNGǫ+BAP10ueĕǳGį¾%HuCCET10ī+Western!BlottingGɏ6!
(%Xg-ZFNGǫ%ĕǳį¾Ƥ0CBAP11mhlM]S7!
qU,CβJTc1mhGȏƧUr0βJTc,ɒƴ%BAP118!
mhGɚƟ%densitometryGȏ%ZFN0@Cĕǳį¾Ƥ,2Xg-9!
ƺɹ+BAP11Ǽǥ¤ɤ=AD%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Ć!4.!!ZFN0@CBAP1ʋ¡Ġĕǳ1į¾!12!
(a)!BAP1anTɱ1ƮłĆGȏ UCH2Ubiquitin!carboxylEterminal!hydrolaseʱČ13!
E92β9OT`0ȄŅ CʱČAntiEBAP1! Ab2ƛȌȖ0©ǫ%ťBAP1ť¥1ɤ14!
ɬʎ£Gȏ !15!
(b)! ZFN0@CDNA61ĕǳį¾G[TO]0@BȎɤ%1ʏÉƛƝ16!
1ʋ¡ĠʏÉ,B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17!
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ȭʎ-ȭʎ0ŭ:D%ʎ£ZFN1aWdgʏÉ"caggtt",CZFN211!
aWdgʏÉGÈƃÁăŔ1DNA¯ŌƱƪ0@BđĎb{0ů¾D2!
CUpper! waveå4Lower! waveĥʥ1[TO]ȨƠ,BUpper! waveʋ3!
¡ĠʏÉ-ï,C10īLower! wave02aWdgʏÉ"caggtt"0ɲġå44!
ȭ,ȏ "aggt"14đĎīů¾D"caggtaggtt"-/(+C!5!
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Ć!5.!!MTS!assay!7!
BAP1ǼǥţÎȤȾ1ēƹȿGMTS! assay0+ɚƟ%Ur1Ȱɸ2Xg8!
G1-%Ȅīǽ/ȤȾǪĢǤ!(Relative!cell!viability)!Gȏ !9!
(a)! siRNAGǫ%siRNAį¾Ƥ0Cēƹȿ1ȨƠGȏ Xg! (siE10!
contol)!-siRNAį¾Ƥ!(siRNA)!1ȤȾǪĢǤ0ƗŘķGɤ=/(%!(p=0.38)!!11!
(b)! ZFNGǫ%ĕǳį¾Ƥ0Cēƹȿ1ȨƠGȏ siRNAGǫ%ȨƠ-12!
ïƫ0Xg! (control)!-ĕǳį¾Ƥ! (ZFN)!1ȤȾǪĢǤ0ƗŘķGɤ=/13!
(%!(p=0.67)!!14!
!15!
!16!
!17!
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Ć!6.!!Scratch!assay!1!
BAP1ǼǥţÎȤȾ1ʄɳȿGScratch! assay,ɚƟ%]Tdcȃŉ! (0h)!-2!
Ɖŉ! (24h)!1]Tdcʜʤ1ʴōʘº-]TdcʜʤGǑĤ+]Tdc3!
ȃŉ1ʜʤG1-%Đî1ʄɳƺǤ! (Relative!migration! rate)!1UrGȏ ƧU4!
rʸ8.ʄɳȿʸUr1Ȱɸ112ʜʤǚ/(%ǠŚGŘ÷ 5!
C!6!
(a)! siRNAGǫ%siRNAį¾Ƥ,Scratch! assayGɏ(%ȨƠGȏ siRNAį¾Ƥ!7!
(siRNA)!1ȤȾʜʤ2Xg! (siEcontrol)!@B>ǡ:Bʄɳȿ1ʃȏD8!
%!(p=0.01)!!9!
(b)! ZFNGǫ%ĕǳį¾Ƥ,Scratch! assayGɏ(%ȨƠGȏ siRNAGǫ%Ȩ10!
Ơ-ïƫ0ĕǳį¾Ƥ! (ZFN)!1ȤȾʜʤ2Xg! (control)!@B>ǡ:B11!
ʄɳȿ1ʃȏD%!(p<0.01)!!12!
!13!
Ć!7.!!Invasion!assay!14!
BAP1ǼǥţÎȤȾ1ǈǖȿGMatrigel!invasion!chamberGǫ+ɚƟ%chamber15!
Gʀʅ%ȤȾGT]amLPdg0+ƢɊ%ʴōʘº-chamberGʀ16!
ʅ%ȤȾƀGɛǑ%UrGȏ Xg1ȤȾƀG1-+ɛț17!
!
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XgGĎǓ-%Ȅīǽ/ȤȾƀ!(Relative!cell!number)!GƧUr0ȏ+1!
C!2!
(a)! siRNAGǫ%siRNAį¾Ƥ1ȨƠGȏ siRNAį¾Ƥ! (siRNA)!2Xg!3!
(siEcontrol)!0ƺ7ǈǖ%ȤȾƀƗŘ0ēÔ+Bǈǖȿ1ʃȏD%!4!
(p=0.01)!!5!
(b)! ZFNGǫ%ĕǳį¾Ƥ1ȨƠGȏ siRNAGǫ%ȨƠ-ïƫ0ĕǳį6!
¾Ƥ! (ZFN)!2Xg! (control)!0ƺ7ǈǖ%ȤȾƀƗŘ0ēÔ+B7!
ǈǖȿ1ʃȏD%!(p<0.01)!!8!
!9!
Ć!8.!!GEM1ɌÑřéŔɡʷ!10!
(a)!siRNAGǫ%siRNAį¾Ƥ!(siRNA)!-Xg!(siEcontrol)!0ī+GEMGǫ11!
%ɌÑřéŔɡʷGɏ(%Ur1Ȱɸ2GEMGŤ+/ǠŚ0C12!
ȤȾƀG1-%Đî1Ȅīǽ/ȤȾǪĢǤ!(Relative!cell!viability)!GȏƯɸ2GEM13!
1ǘĿ! (nM)!Gȏ+CsiRNAį¾Ƥ2¿+1GEMǘĿ0+Xg014!
ƺ7ȤȾǪĢǤƗŘ0¤+B! (p=0.03)!BAP11ǼǥţÎ0@CGEM61Ɍ15!
ÑřéŔ1ƋȏD%GEM1EC502Xg1243! nM0īsiRNAį¾16!
Ƥ238.3!nM,(%!17!
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!(b)!ZFNGǫ%ĕǳį¾Ƥ!(ZFN)!-Xg!(control)!1GEMǘĿ10!nM01!
CɌÑřéŔɡʷ1ȨƠGȏ Ur1Ȱɸ2GEMGŤ+/ǠŚ02!
CȤȾƀG1-%Đî1Ȅīǽ/ȤȾǪĢǤ! (Relative! cell! viability)!Gȏ+C3!
ĕǳį¾Ƥ2Xg0ƺ7ƗŘ0GEM61ɌÑřéŔ1ƋȏD%!4!
(p<0.01)!!5!
!6!
ɑ!1.!!BAP11ǼǥǠŚ-ɅĽǽǟŎ!7!
ŅȐ,ŞɐGƆɏ%ʂȪ CȹÁȻȜǻ1ɅĽƩ¥54ª0CBAP11Ǽǥ8!
ǠŚ-ɅĽǽǟŎGȏ BAP11ǼǥǠŚ-ŔÌĲĈȦȲċʃɏĿ/.9!
1ɅĽǽǟŎ-1ʜ0ƌA/ʝʂŔ2ɤ=AD/(%!10!
ȦȲċȸȆǽÇʵnȝɷȑ/.ɁǸǪǞģǽăĠ2ǶǧȦȲƩƣ0Ď11!
*+BËĤƌ/>1?ËĤĄʨ/>12ʡĖ+ʦɛ+C!12!
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